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I. DEIEGATES TO CONFEREXNCE

e

Argonne

r. W. A. Podger

Dow Chemical Convany

Dr. J. Grabs
ilr. L. 4. Hathison

‘ionsanto Chemiczl Company

Dr. 1. d. Hsring
Dr. F. C. ilead

Oz} Ridege National Labor-story

Dr. D. C. Bardwell
Mr, R, E. Blsnco

r, F. N. Browdsr
. T. E. J. Burnatt
r, F. L. Culler, Jr.
r. L. B. Emlet

r, J. C. Hart

tr. I. R. Higgins
ifr. B. E. Ketelle
Dr. F. T. Miles

Dr. K, Z. Horgan
ir. P. B. Orr

. D. G. Reid

. C. N. Pucker

Dr. F. L. Steshly
Dr. R. Stoughton
pr., J. A. Swartout
Dr, ¥, Western

Dr. C. E. Finters
Mr. E. J. Witkowski

Carbide and Carbon Chemicals Corporation, K-25

Dr. F. W. Burd
r. S. Visner
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DEIEGLTES TO COIFEREVCE (Con't)

Carbide ané Carbcn Chamicels Corporstion, I-12

l’-@.

H.

W. Saylor

Mr. E. Struchness

LEC, Division of Engineering, niashington

Commander E. W. Hribar
Mr. H. Noble
Mr., R. S. ¥Warner, Jr.

14
4
|
, LEC, Schanoctady

1 o O

AEC, Office

l’-h‘o
Ar.,
Dr.
Dr.
.\&0
Dr.

Y.
J.
A.
H.
Je
H.

R. Lescho

of Pesearch end iHedicine, Oek Ridge

H, HOlland, Jro

1. Roth

7. Auch

G. E. Stoecklas, Jr.
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IT. AGEIDA (T COITZEZIITE

Monday, 12:00 A. if., dugust 23 Chairmsn: E. H. Roth

Part I - ilaste Disposal Progran Currently in

Effect at Oak Pidge +« « + o « o oLle B. Emlet or alternate

A. Types of wasteresulting from local
plant onerations.

B. ‘lethods of storage and/or disposition
of thesa wastes.

C. Types of waste receivad from other sites.

D. Activity stendercs usecd P8 6 quido in
deterrining thg ultimste disposition of
waste materials.

Monday, 2:30 P. M., August 23 Chairman: 4. H. Holland, Jr. :

Part II - Effectiveness of Present Waste Disposal
Systems at Osk Ridge « . . . . - K. Z. Morgan
A. Summary of rasults of tests of activity
levels along the White Osk Creex and Lake.

1]
2. latural ion exchange reaction of clay.

C. Discussion on the burial grounds used
for disposition of soiid waste . o+ . .

Type of stratification in the region.
Discussion of anslysos of soil samples
for determining the degrec of soil

adsorption and degree of activity levels.

F. Effoctivencss of algae as a medium to
concentrate activity.
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' II. Agenda of Conferencc - Con't.
Tuesday, 9:00 A. 1., August 24 Chairman: D. C. Eardwell

Part IIT - Rclated Rescarch and Development
, Programs at Oak Ridge

L)
¥ A. Chemistry Division . « « . . . - .4 Swartout
, 1. Tocncxchange « « o o o o & o J. 4. Swartout
k; 2. Para carth separations . . . . 3. i. Yetelile
g 3, Scavenger tcchniques o+ .+ . o . R. W. Stougnton
B. machnical Division .« o o . e e e F. L. Stecahly
1. Ion exchange « « « o« « & o o I, R. Elggins
2. Concentration W v « « + « o« C.B&.uinters
F. L. Culler
c. Hoglth Physics Division o+ « =« o T, Yestern
D. Operations Division « . « .« =+ =« - L. B, Enlct
E. AEC - Roscarch and ifedicine o« o o J. Deal

« o s isstimbbadinicit AN 40 A iR -
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III. INTRODUCTION

A committco consisting of represcntatives from Dow end
Monsanto Cheniczl Companiags, Argonne National Laboratory,
and Division of Engincering, AEC, Washington, has been
formulated to study the AEC-wido problem of disposing of
process vwastc solutions. The members are:

S. Lavroski, Argonne, Chairman

(A. A. Bodger, Argonne, Alternate)

J. Grebe, Dow Cheamical Company

L. A. Mathison, Dow Chemical Company

7. Yurschkind, Dow Chemicel Company

M. Il. Horing, ifomsanto Chomical Cowmreny

F. C. ilcad, ilonsanto Chenmical Compary

J. H. Hayncr, Division of Engincering, =G,
Washington

(H. Noble, Division of Znginccring, A&=C,
Tashington, Alternate)

The committec, in its invostigation of thc probtlem, plans
to visit thc verious sites which are confronted with dis-
posing of procoss wsste Solutions and Thich have cxpericnce
in hendling thon.

Tv. PURPCSE_OF CONFERENCE

It is proposcd to asccrtain the naturc of the weste disvosal
problems confronting the Oak Ridge plants and to datermine
the scooc and nature of the.rescarch cnd dovelopment relatod
to the problem.

[ igieis o




" iy Fage 7

».
e

®RNL-163

V. LIQUID WASTE DISFOSAL SYSTEH

at
Oak Ridze ilational Laboratory

by E. J. Vitkowslki
P. B. Orr

This report is divided into two main sections. The first iIs a gsneral
revievw of the facilities available for handling liquid waste solutions with
trief statements of mud and water contamination in White Cak Creek znd the
Clinch River. The second part includes a flow chart and 2 more detailed
description of the handling or licuid waste sciutiers,

we
.

SENERAL

The liguid waste disposal systen, commeonrly lmowvm as the Tank
Farm Area, is divided into three sections, as {cllows:

. 1. Tre North Farm - consisting of two, 4L00-gallon, and
: two, 40,0C0-g2llon-Gunite tanks.

2. The South Farm - consisting of six, 170,000-gallon-
Gunite tanks; one, 13C0-gzallon-Cunite
tank connacted to an &00-gzilon,
stainless steel tank.

3. Settling Basin Area - consisting of a large carthen-diked
pond of 1,600,000-gallon capacity and a
smaller, 32,000-zz1lon Petention Lasin.
Two other ponds are provided Jor emergency
use only. :

411 of the Gunite tanks are of similzr construction regerdlcess
of siza. The tanks arc constructed of reinforced concrete. five
inches thick, with domo-shaped tops. The inside wall is peinted
with a water-proofing compound. A4pproximetely six foet of carth
is used as shiclding on top of cacn of tho tanks. The tenks are sct
on a concreto saucer four feet lsrger in diameter then ithe tank.
The saucer is filled with crushed rock to the tovo of the side wall

; , cf the tank and thus provides a French drain vwhich is piped to a
drywell, The drywells of all tanks drain to the Retention Pend in
the Sottling Easin Arca. The Retontion basin is sampled 2t four-
hour intervals., Any increase in the activiiy dictates an invasti-
gation of the individual drywells. To the best of our knowicdze,
ke tank vwalls erc intact.

The Sottling Basin is a drodged pond about 200 feet squere and
six feet decp. The waste weters enter the pond through five, cight-
irch lines to a2 woir box vhich spans the north side of the pond.

- - 3
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The vater is discharged through a similar weir %o White Oek. Creck.
Betwocon the inlet and exdt weir boxes are a saries of floeting

B surface baflles to insurc offective mixing and te prevent algao

. grovth from drifting into the o¥%it weir. The Retention Pond is o
dradged basin about twionty-five feet squaro and tro foct decp. It
i5 used merely as a hold-un basin.

In goneral, three types of wastes are handled in the Tank Farn
Arce:

LS+

1., Chemiczl maste solutions centaining varying amounts
of radiocactive szlts »nd particles. Thesc waste
solutions originate in tho Chemistry labs, the pro-
cessing plents, and the Pile Building., 4 flox of
about 430,000 gallons a day with an avorase activity
of anovroxinmntely onc bundred bheta counts/min/ce is
piped directly %o the Scttling Basin for disposzl in
Tihite Onk Cresk. A smailer volume (7,000 gallons/dzy)
with activitics in excess of 25,000 beta ccunts/nin/ce
is collocted in the Gunite tanksg anc «£1lowed to caecay
for thirty to sixty days beforc being disposed of
through the Scttiing Basin %o White Ock Creck.

2. #otal m-sto soiuticns contairing ursnium, nlutorniun,
and fission nroducts 2rs roccived at the rate of
5,300 gnllons/month for storage in the Gunito tanks.
To conscrve tank storsge spacc thaese solutions arc
treated periodically with o fifty-porcent caustic
solution to precipitate the Source and Fissionatlc
mateorials. The supornetant is thon decanted to the
chenicel waste system for disposel in White Oak Crecck.
The precipitation troatmont reduces the volume by a
factor of two. &4t the present time approximetely
132,460 kg of uranium ars storad in e volume of 540,300
gallons.

3, iiscollancous waste solutions from othor LEC installetions
aro receivod in drums and spceially-designed, load-shiclded
pots. Theso solutions vary in composition. Somo contain
Sourcc and Fissionablc raterials which are handled in the
notal waste systom. Others are aqueous fissinon product
solutions which aro handled with the chomical wastes.
Occesionally solvont solutions arc received in which
casc the solvent is rcmoved by stosn distillation and
the activity is transforred to the tanks. '

White Oak Creck is a snmzll strean running along the south’ boundry
of tho Scttling Basin. Its flow varies from 0.7 cu, £t. to 24.5 cu.
ft/sccond, deponding upon the rainfell. About two and 2 half milecs
below the Settling Basin is a dam to retard the flow and ailow furtner

‘,: . ]
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settling of radicactive matoriels. Tha Vhit cck omptics into
the Clinch River about a hrlf nile dovmstrzem from the dacz,

“he amount of activity discharzed from the 3cttling Easin to the
Yhite Oak C-cok is limited to five curies/6ay. This limit is con-
trollod by =hz flow rate and activity discharged froz the Gunite
chcmicel vwasts tanks.

'mad semples taken in the upner part of the lake formaé oy inc don
on Tthita Oak Creck range from nincty to 25,000 counts/min/gm of rud.
The highest detected in the mud of <he Clincn River tzlov the mcuth
of the Wnite Oak Crock showed 116 counts/min/gn of rud. Water flowirng
over the White Oak Creck dam averrges ten counts/min/cc, —hile just
above the n-25 plant side on the Clinch River the water measures
1.6 counts/=in/cc.

B. OPERATION

1. Chonical Tiaste Solutions:

i
ad

"he following facilities of the Tenk Fern Areca arc usad in
handling the chemical wasto solutiens:

Tanl :lo. Cepzcity Locnticn
W-1 4,4,400-Gallon-Gunita Horth Farn
W2 4,400-Calion-Gunite Herth Ferm
=5 170,000-Gallon-Gunite South Farm
W6 170,000-Gallon-Gunite South Farn
-1l 1,300-Gallon-Gunite South Fara
Wi-12 800-Gallon Stainless Steel South Fern
Scttling Basin 1,600,000 Gallons Settling Basin Arca
Retention Pond 32,000 Gallons Scttling Basin Aarcn

For case in handling, the chemical waste soluticns a re divided
into two groups: ’

a. Large voluma (avorage of 430,200 gal/day) and low
activity wastes (average of 100 beta counts/min/cc)
originate from the floor drains, laboratory sinks,
cenal overflowr, and the operations in the Rolling
Mi1l and Fan Housc. Theso waste solutions arc for
the most part piped diractly to the Scttling Basin.

b. Small velume (avornge of about 7,000 gal/day) end
high activity (in cxcess of 25,000 counts/min/cc)
siastes originate in the various processing build-
ings, fan scals, stack drains, laboratory hot
sinks, cr as shipmemts from other AZC installaticns.
Thosc wastes enter cither the catch tenks (-1 and

. wt e
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f-2) or the diversion tank (W-12)., The soluticns
collacted in the coteh tenks (W-l ond §[-2) arc
noutralized vith sodium corvonate and sampled.

If the activity is less than 23,000 counts/min/cc,
tho solution is disposed of to the Scttling Basin.
If tho activit: is in cicess of this 1limit, the
solution is collected in onc of the hold-up tanks
(51-5 or W-5). The diversion tank (7-12) is cquiprad
with an aubnmatic steam jot which trensfers the
wasto solution to onz of the hold-up *enks (-5

or '17-6) .

The collocted sclutions in th: hold-up tanks

(:7-5 and W-6) arc maintoined alkaline by sodium
corbonatc. Under nreoseont conditions all sclu-
+ions in the held-up tonks are alioed to decay
for approximntnly onc nanti: bofore disposing

of to the Scttling Besin. Tihe alkaiine condition
of tho solution in %hc hold-up tanks causcs Sonc
precipitation of th2 varisus activitizs while
additional dccontamination of the vasta sciuticn
is realized, due to the carricr action of foreign
matter, as the supernatent is passed thrcugh the
Scttling Basin.

2. Mctal Weste Solutions:

The uranium end plutonium vastc solutions origirmate in the

chomical processing buildinzs or the laboratorics, while smell
quantitics are rececived from other AEC sites. These motel
bearing wastes are stored in the following tanks:

Tank No. Capacity Location
We3 L0,000-Gallon-Gunite =~ For 41,Pu,U Wastes North Farn
Wl 4C,000-Gallon-Gunite) Yorth.Farm
-7 170,000-Gallon-Gunite) South Farm
71-8 l70,000-Gallon-Gunitc)- For Pu, U ilastcs South Fern
W-9 170,000-Gallon-Gunita) South Fara
W-10 170,000-Gallon-Gunite) South Farn

tihen the Tenk Fern Aroa was designed in L

943, only three
yoars! operztion cof tho plutonium pilot nlant was cxpected.

Tha

continuing operation cf the Laboratory and increescé uses of
uranium indicated that the storago capacity of the mctal waste
tanks would be cxcceded by 1949. To reduce the volume of the
snsta to be stored, the ursnium and plutonium is precipitated
in the Gunite tanks by the addition of €£itty-percont caustic
soda solution. After a sottling period, the supcrnatant liquor
containing about 0.005% U is dccanted to tho chemicel waste

systom and t» White Ok Crecck.
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3, Miscollancous Waste Solutions:

The liquid waste solutiocas recoived frenm nther AEC installations
contain cither Source and Fissionable raterial °r radivactive salts.
They are disposed of by jetting from the shipping container into
tho appropriate system in the Tank Farm Aroa.

Development work is procccding on & concontration precess for the high
zetivity chemical wastc solutions. It is cxpected that an cvaporater will
scon be installed in the Tank Farm Arca to treat about 7,000 zallons of
waste/day to reduce the volume by & factor of twonty. This concentrataod
solution vill then be stored rather than disposing of the activities through
the Settling Basin to White Oak: Creck. :

? The following raports give nore dotoiicd informction about the disposal
of liquid waste solutions:

% 1. Tnereaso in ifud Activity from T. H. J. Surnstt tc W. H. Ray,

{ dated August 5, 1947, Sccrct, (Discussion of factors-remedics)

&

; i 2. Activity of Clinch end Emory Rivors (locations and valuzs) fron
T. H. J. Burnctt to %. Z. Ray, dated dugust 11, 1947, Restricted.

3, Water Activity ifessurcments MNear 1-12 (mothods and values) from
T. H. J. Burnctt to Forrest Vestern, dated January 1L, 1948,
Restricted, Central Files No, 48-1-173.

L. Activity Values in tho Body cf a Wildfowl (locaticn and valucs in
tissues) from T. H. J. Burnctt to R. . Firminhac, Agted January 15,
1948, Festricted, Central Files Ho. 43-1-368.

5. oasurcmont Mothod f£or Whito Cak Dam Discharge Volune (calibration
and intorprotation) from T. H. J. Burnctt ta R, E. Firminhac, dated
Docomber 1, 1947, Restricted, Central Files No. 47-12-116.

6. Freliminory Roport - Efficicney of linite 0=k Crook (decontanination
offoctod aroa-wise) from T. H. J. Burnctt to R. H. Firminhac, cdatod
Novomber 3, 1947, Restricted, Contral Files Ho. 47-11-554.

7. Tator Activity Comrutations (enlculations and variebies) from
T. E. J. Burnctt to E. J. Titkowski, datod Jenunry 14, 1948,
Restricted, Central Files Fo. 48-1-175.

e
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o VI. EFFECTIVEMESS & CUR FRESENT WASTE DISP(BAL FROGRAI
by
e Karl Z. lorgan
. There are many things that we do nct know about the 7iaste Disposzl
Program. Recognizing some of the limitatiors of the system ve are usirng,
. the system of maximum dispersion, as contrasted to a system of concen-
° tration and control, we nave talen some steps to hatier orient ourselves.
S Sighteen months ago we began efforts to get together a group to sud; our
. waste disposal problems. Sometime toward the close of 1947 we ¢ot a grour
¥ together composed of men from the United States Public Health Servics,
. Tenressee Valley Authority, United States Weather Bureau, University of
N Tannessee, and Vanderbilt University. This group Las a nesting in
L Chattanooga today end for the rest of the week, and will not be herc to
discuss their plans. Kowover, Dr. Forrest Western of our Health Fhysics
Division will discuss tke vlans of this group with you tomorrow. T under-
. stand that I am to discuss what ¥e are doing rcgarding tiaste dispesal snd
s now effective the system is. I did not have a chance to attond the meoting
A this morning, but I will try rot to duplicate what I think may hava teen
f¥' discussed.
{

<

7la have thraec types of radioactive vastoe-liquid, solid, =rd gasoous.
There is not much ve can sary about solié wastz oxcept to remind you that
sinee 1943 wo have had thrce burizl grounds--south, cast, and woest. 4s
yet wa have not made a situdy oi tine gcology of this territory, although
Dr. 4. H. Holland, Jr. has omployed Dr. Stockdale of the University of
Tennassee, who will make a comprealnsive study of the geology of this areca.
Prcliminary investigation has rcvealed many geological foults in the aroaj
in fact, our burial ground is in about the worst possible place, because
of its proximity to a fault. Solid waste gets into ground water and may
show up many miles =avay.

Gascdus Wasto: The Clinton Pile is air-cooled. Yie discharge zbout
300 curies ner day of argon--fortunatcly, our bodies have no i=y- ol con-
centrating radioactive argon. Tharerfore, the damage done by argen is
from the outside in, rather then from the lungs out. In tho cremicel
scparations nrocessos at Ozl Zidge illational Laborstory we have iodine,
phosphorus, barium, lanthanum, end possibly a fow other rrdioisotorces
na

that have introduced cir contanination prodlems on some occasions.

ROV UL I GRPRET AR PR SR TR LI 0. TR N e 8 S

In addition, we nave a racent problem that has doveloped in that
. ne nave become awarc of the serious conscquences of small perticlcs
omitted from the pile duc to rupturod slugs. This condition was first
discovered in 1944 but was “hen thought to te of little consoguence.
Rocent measuremonts indicate thrt there arc large perticles ranging from
1/2 nicron up to 400 micrens in diameter vnich sre dispersed from the pile
discharge steck., Somc of the perticles scttle upon the arca sdjacent to
the stacks. It is noteworthy that if the periicles arc inhalad into the
’ lungs thousands cf c2lls edjacent to the particle will Yhe destroyed in e
dzy., A& lerge cvortion of the airborne activity ultimately finds its *2¥
in =he liquid wost. bssins. It is knovn that morc octivity is iniroduced
to the vnstc brsins from the eir than from %he tank farm.
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The romzindcr of the lecture is to be presented with lantern slides,
as follows:

2 Slidg 1 - Table showing maximum pcrmissible 2zposure to varicus tymas of
radintion, (Mlota: The maximum permissible cxposurc tas rccontly
boen raduced rrom 0.5 reps per week to 0.3 rewms per veck. )
Slide 2 =~ X-22 chamber-~large pocket meter for measuring gamma and sono

4 beta activity.

Slido 3 - "Dog houscs" - They arc locoted out %o distences of 1C niles
fron the Laboratory. Thaoy usc Geiger countors for recording
tha air activity.

Slide 4 ~ Continuous air monitor, precipitator, and metal can for collecting
air samples.

o

. Slide 5 - Effoctivencss of mcasuring systeom for mcasuring air activity.
Slide 6 - Pilc index and air activity.

Slide 7 - Indicztos changes in air activity., "In goenerel, there arc two
typos of tolerances with vhich o are coneernd--submorsion
tolarancs, vhich is radiation coming in from thz fluid outsido
the body, and intcrnal tolerance lovels. Scme activity is
selectivoly deposited in the body. Todine of courss produccs
a very high oxposure tc the thyroid and plutenium to the bonc.

2%;30 gg - Computation of toleranco velucs for ingestion and submersion.
)

Slide 10 - Retio of activitics from preceding table to toleorance values
for ingestion and submersion.

S1lide 11 - Genoral tcleresnce lavels - we have a factor of safaoty cf 100
above these figures.

21ide 12)-

Mo commont.
Slide 13)

‘ Slide 1L - Effsctiveness of our sottling basin vhich veriss with tire.
Slide 15 - ilap of White Ok Crock ond Lsko.

S1lide 16 - Picturc of %hitc Ogk Dam end fish gates. We meintain that e
person could drirk the wster in \nita Oak Lakc for the rost
of his 1lifec without damage. The l2vel of activity mizt be soO
low thet porsens or fish could swim in wetar for rast of life
zithout damage.

. .« = S —r————— i A e et e = i

Slide 17 - #ud varics in White Ok system. In the 1light of studics madg
we beliove thet the activity tonds to follaw the coursc of tho
clay. We have made dopth measuroments, ctc. .
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Grepn sacwing total radioactivity of White O~k drsinage syster.
Loke holds up 70% of tha activity.

51ide 19 - i{fothods of garmma counting.

Slicde zC - Alcha counters.

7o do not claim that our westo dispasal systen is ideel. Our sysim
~as set up during the war during vhich our principa} foc?t wuas E: th~?
pilot plant into operation. llow we recagnize its 1lm}tat10ns. Scme of
nccessary changes in our pile arraagenent and vwastie d1§nosal.§ystc§ ara .
undermay. Studics erc being undertaken rcr concantrating radicactiva waste
ot the source cf radiation. It will be s=me time bafore we have »11 th2
ansiiers to our problems of raste disposal
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VII. BIRIAL GROUMDS FCR SOLID %ASTE

by
P. B, Orr

¥aterial hendled in the burisl ground is separsted iInto ivo categories.
Alpha and beta-gamma trash are kept separste, znd trested diflarently.

The beta-gamma materisl originates here st Osk Ridge Naticnal
Laboratory and consists mainly of trash from the Restricted irea. This Is
placed in long, open trenches at the extreme west end of the buriasl ground.
These trenches ars usually aobout 20' x 40! x 10! deep. when tlhay have Dbeen
filled up to about two feet of the teop, thay ere covered with 2arth,

About ninety percent of tho aipha contaminated waste is raceived from
other Atomic Zrergy Comnmission sites. Dayton sends the greatast amount.
Each batch of alpha materizl is handled scparately, i. ¢., a hole about
20" x 20' x 10! deep is dug for cach shipment rececived. As soon as ihe
waste is in the trench, a laver of dirt is pleced on tor and 2 layer of
concrate pourzd on the dirt., The conecrete is used to prevent enyore fron
digging up tha relatively long helf 1lifc alpha materisl in the future.

A maxirum tolerance is maintsined for the waste reccived from other
locations. Alpha smears of ccntajiners should not excced 10 counts per
minute, and 200 counts per ninute for bota-gemma.

Difficulty is cncountered in the burial of slpha material, expecially
in the winter. Tho location of tho alpha burials is not very satisfactory.
Somo rsin water from the side of the hill north of the turizl ground drains
into the alphz burisls. ¥hen = shipment is buried, it should be covered

ith concrcte the same day to provent eny of tho wastc from flosting to
the top of the hole in casc of rains, This has occurrcd in the past.

The treatment of solid wastes is very poor at best, and it is honed
+hat some other methcd of waste disposal cen be -developed in the future.

Quostion: Could the matorial be placed in containers so thet it 1.ould not
float out of the ground?

Answer: The matorial is in containers, but once or twice the containars
have burst and black liquid has floated out of the ground.

Guestion: Would it bo possible in casz of future newd ic axmme these
"dead bodics!?

Ansvior: It could be donc but would roquire a jack hammer to do it.

~uestion: How much concreto do you use in covering?

Answer: About 10 inches. (%ie hava had two or threc spacizl burials,
such as radium, which are marked as to location,)
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Question: How much is buried a veeck?
Ansver: fle £ill a beta-gamma trench 30-40' long rnd 20! wide about cvery
tvwo wecks.

Zucstion: A lot of this material could be combustible?
Answer: Yos - about 50%. Ve have received quite a lot of conbustible
material rocently.

estion: Yould it not bo better te have the burial ground lccated on e
hill rather than its present location? It secas that on a hill
if any leaching occurs ycu vould have morc chance cf washing
_it out,

Answer: Yos it would, as far as water soopago jnto the trenches is
concerned.

Qquostion: Is the prosont burial around dovn te bed rock?
Ansvwer: Yes, it is. ‘e have corc-drilled north-and west of the present
. ground vi

Ty

burial ground ond it eppears thot the future burisl
vwest of the prosent location.

question: Did you find any activity in the scction you corc-drilled?
Ansvier: %o did not check for that.

Dr. Grobe: T am rrther concerned adeut going to bed rock. Tt is limestone,
isn't it? It sccms that porcolotion would be greator if it was
not on cley. I hava lmown of acid boing put into an oil well
that was only producinz e berrel e dey and it affected the vells
as much as six miles avay which were only producing tuvo or three
barrels a day. It is quite common for an 0il well vhich vas
troated o show up 40 fsot avay bafore it has 2 chancc %o work
vhore it was put in. Yet the well was capped so tightly with
clay that the gas pressure ves retainod.

Question: Do you bury much liquid?

Answer: Yes, ve heve quite a lot of liquids, mostly ~lpha. It is very
not at times, and in thet casc 1t goes to the tank farm rather
than the burial grounc.

Dr. Horgen: Onc should point out in passing that tho system vc Arc using
in disposing of radioisotopas is bocoming morc and morc dgngerous

because of the long lifc lazard.

Question: Do you plan to start rmonitoring as soon &s you observe an increcasc

in background?
Answvier: fThon wo get thet data it %111l be considered.

Unlcss wa get your support ond interost wc cannot make further

investigrtions along the linecs outlined above.
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VIII. RELATED RESEARCH ON ION EXCHA!GE

by
J. 4. Swartout

-n*roducticn:

4lthough the Chemistry Division of Cak Ridge ilaticnal Laborstory has
icre little work directly aimed at the liquid waste dispesal problem, there has
neen considerable research on principles of various extraction procecures and
their applicaticn to specific processes.

§ fundamental information
cztions of ion-sxchange
ronm liguicd wastes, a few

In the case of ion-exchange, our back-l
is zprreciable. Before exzmining the potentizl a
to *he concentration and isolation of radioisotoT
qualitative principles should te considered.

malitative Princinles:

The extent of removal of racioisotopes from soliutions by a given
ion-exchanger is dependent uvon (1) the state of the radioisotope and (2) the
nazure of the solutions.

1. State of Radioisotovs.

a) Since a cation exchanger exhibits a high cenacity only for
cations, a lower and irregular cspacity for collcids =nd no capacity for
anions, the state of the radioisotope in solution is of prime importance.

. b)+ The extent of exchange increases with increasing ionic charge,
i.e., 47737 52% v1t,

¢) TFor ions of equal charga the extent of exchange increases vith
jecressing hydrated ionic radius. This is strikingly indicated in the deta

on rere earths separations vhich follow.

2. iature of tho Solution.

8) The extent of cxchenge of an ion prescnt es a rminor constituent is
mghly dependent upon the type cnd concerntration of the bulk ion, in accordance
e 3 L 4 b3 ——
vith the cxchange roaction, nX™ 4 mi™fR, 7= nXm+Rm 4 myRt,

b) The prescnee of complexing agents in tha soluticn may greatly

alter the extent of cxchange by changing the cffectivo ionic cherge and/or
radius.

trate the cffcct

Examinetion of specific waste solutions will illus

of these factors.
refarence is mede to a series of papers in the

Lmerican Chemical Society.

Tor a detailed and quantitative disoussion of principies,
November, 1947, Journal of the
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Specific Potential Applications:

< The non-metal eontaining waste solutions rresenting the graatest
source of fission ectivitics asre the supornata from the first zroduct
nrecipitate at Henford and the raffinate (IAW) from the rroposed Redox
o asrocesss In the case of the first by-product step at Eanford the sctivities
. ,are concentrated on a precipitate whose disposal should e reletively simola.

1. First Product Prccipitstion Surornatn (Hanford).

kR a) Combosition - 0.6 M H3PO,
%1 1 i HNO3
] 0.02 MFo

, 0.05 M (NH,)SiFg

;.p with —~~ 1% of the origirsl fission rarc carths,
srium ond strontium, — 0.2% of ruthenium, ~~0,05% of zirconium and columbium,
sce CN-2876) .

= b) Possibilities - Since the zirconium c¢nd columbium are strongly
complexes by SiFg=, the obvious applicetion of ion-oxchange is for the concen-
tration and sepsration of the rarec carths and possibly thc alkeline earths.

. The raro carths will Be considered in detail by lir. Ketclle.

2. Redox Raffinnte (TAW).

a) Composition - 0.7 M AL(NO3)3 or 4 if NEyNO3

0.6 M HNO3

0.05 M NagCroOq

wvith cssentially 211 of the fission products.

b) Possibilitics - Freliminary laboretory cxperiments have indi-
cated thet 2r a2nd Cb may be adsorbod from this solution on charcoal, then
2luted with (NHy)SiFg. This bohavior is to be cxpocted since Zr end Cb ere
voth probably present as colloids vhich =re physicslly edsorbed-by the cher-
ccal, The strong complexing cction of tho SiFg® ion with both 2Zr end Cb permits
thair roemoval. The indicetions of thzse oxplorestory cexperiments that ocure
7r ~rd Cb ere thus produced require confirmetion in more quantitative tests.
Jther adsorbents and ion-cxchangers such as sea sand, glass wocl end Dowex 50,
croved to be definitely infeorior.

! Since more of the fission products erc present es cations which
i rust compete with the very high concentration of A1%3 or iH,* ioms, the pro-
A spects for directly adsorbing these on an ion-exchanger s~re nct encouraging.
‘ Preferentisl complexing of the bulk ion, i.oc., 41%3 vy fluoride, or the use
: of very large beds to adsorb all of the bulk ion end the fission ions fol-
! lowed by nreferentisl clution are the alternstes. Tha lstter approach will
5 he deseribcd by the Tochnical Divisien.

Scraretion of Radioisotopes:

Procecdures are nov evailable end in use for sapsrating and isolating
rearly 211 of the fission products by icn-exchangz tochknigues, The officicney
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with which vary similar ions may be scparated will bo indicatad in the

discussion of tho raraz carths. It is to be cmphasized thet in our radioisctcpe
soprrrticns the feed sclutions arc as nearly idcel for ion-nxchange scparztion

as wossible, i.c., low bulk ion and with the radioisotorzs in trece concentrations.
In additicn, thz actual adscrption and desorption procisscs #Ie conducted ot

nosr 2quilibrium conditions rcquiring long contact times.

Sopar~tion of Trans-Uranic Elcments:

In nddition tc the fission oreducts, the coursa of the trans-uranic
slements in o s2parstions process must be considercd. In the Rodox procass
small amounts of plutonium nnd of smoricium vill be in the raffin-~ts as e
rosult of tho incomplete wxtraction of Pu end the feilurc of Am(III) to
»xtract. Depending ugon thz history of the metericl, some No may b2 prascnt.

cf

The amounts curiun can probably bz neglccizd.

Exnoriments ~n the separation of these fren ench cther have benn
conductad at Ok Ridge MNational Laborntory end at Berkeley. A4fter adscrption
of tho trens-uranic clemznts on Dowex 59, clutien with 55 citric rcid et
pH = 3 removes consocutively Pu(IV), Cu(III), An(III), Pu(III) end Np(III).

In summery, icn-oxchango is best suitod to the concentratisn of
trrce ions from dilute snlutions s#nd to the scpar-tion of ionic steci:s after
intorfaring bulk icns and complexing agents have boen climinated.
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IX. RARE EARTE SEPARLTIONS STUDITS
ty
B. H. Ketells

J. A. Svwertout hes outlined 7~Bove tha besic principlas underlying
f ion ~xchsnger columns 2nd hrs indiceted sorc of the appliceticons
ntemination. The scparstion of rarc 2arth fission vreducts fronm cnc
1.r i1l be discussnd in scme detail now, :

ff’)

The strongth of bonding »{ icns by an exchanger is rolated teo the
onic henge ~nd hysdratad icn sizo. 4s Dr. Swartout indicsted the order cof
onsing bend strongth as 2 functiosn of changa _is 4 >322>1, Thos order

aésorbability of fissicn nroducts weuld be v > La** >-BaII > cel
Study of the rclative binding of a scries of cquivelent icns has shown that
sthor foctors being equal the hydrated ion with the smelicst radius will be
<ho =23t tightly heold by o~n c¢xcharngor. Zvidonce obtained from activity
coefficicent moasuroments indicates that the hydretod ion radii inercasc v ith
inecrcasing atomic numbor so we predict, And it is confirmad by cxmerimont,
thet tha order of binding of the light rerc csrths fission nroducts should hn
i22CcHPr>Nd >61>Sn>Eu)Gd. This differcence in adserbability is in-
sufficiont to yicld good szparations by simole displacement rcactions.

It is known that rarc cerths form comnlex ions with acid citrate
ions nnd thet the stability of thesc complex ions incrcescs vith decreasing
crystal redius. 4 slidc was projccted showing the relative srystal radii
of tho rarc cerths. This showed the well knovn deerszse of ion size with
inercasing stomic number. Thus, if 2z column of cxchenger holding a mixture
of rare carths is trested vith e buffor sclution of citric acid and emmonium
citrate, the raro earth »f highest atomic number will be cluted first since
it is not only held the lo=st tightly by the exchanger, but it is 21so bound
the most strongly by the citrata ions of tho solution. By this precess it is
feund that rare carth sepsr-tisn ccn bc 2ccomplished,

Two types of column operaticn arc tisad. In what may be roferred
s break through oporation, o solution conteining ions ~f tipe X is
8sed through the column. It displeces icns of typs Y from the zxchanger
‘l

ty &

ol

urtil the cclumn approsches cquilibrium with rospact te ths ratic of

-.Ltlcs of ions X and Y in the feed s:lution. As cquilibrium is zpproached,

:h: concentration »f ion X in the cffluxnt solution will inersese. This

typ: »f operetion es not teen found to give satisfactery saperation of

rera onrth fission products. In the secennd mnde of ~per~tion, knorn sas
ropetographic scparation, a nerrcw band cf the mestarirls te be scparested

s adsorbzd at the tov of the column. This singlc bend scparates intc its

nver2l components ss the developing solutien flows through the column bocaus?

-f tha differcnees in the adscorbabilitics and stability ~f the citrete complexes.

’\
toe
i
P
e
-

It is apparent thet all factors which effoct the width of the band
vher it is initizlly adsorbad st the top of the column +ill contribute to tha
final bend width as it is eluted sincz a broad bend cennot contrzct nn moving
“ovn the column. Specificelly high conezntretiong »f hulk icon such a2s alurminun
sr iron will czusc the initial bend te be droed and the saeoaretions to be poor.
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Ideally those bands would kave sharp boundarics bocause in oractice
ing end treiling cdges =f the 2fflucent perks ars sigacidel a3 shown

The successive bands tond to overlap ané give cross contrminetion,

Sa.

Effluent

TSt

ion

‘,{,‘}1} h’:
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Conecentration I 4 \
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l
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q
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Thz scvaral factors thich contrituts to this ncn-ideal bohaviour
nrae related to one anothor in the following equation which comzs from the
ness transfor theory of column oparaticn.

e e

TodT, £

where Dl is the diffusion constant of thc ion through the film of solution
of thickness Ar, which surrounds the perticlo of racius r,. The fractional
void space is reorosented by f, the column leongth by X end the linesr
; ‘velocity of flow of solution by V., Tho parsmcter Y is used to cescribe
the sharpness of the boundarics of the band. Any change vhich increascs
the value of Y will sharpen the band. Those fectors vhich can be con-
trclled arc Dl, Tos X, V. According to thoory thc band will boe sharpcned
by incressing the diffusion constent, Zocreasing the particle size of the
exchangor, increasing the length of the column cr Aecreasing the solution
flow rste. Exporiments hnve confirmed the theory for cach verieble. The
incrrass of ¢iffusicn constent is oht=inod by eleveting the temporsturc of
the column. Typicel opereting conditions for gord rare cnrth separation
are the use of a column of 270-325 mesh oxchanger » mater long =t 2 tempera-
ture of 100°C at a flov rate of 1 mi/cm?/min.

Soveral slides wera shown to indicato typical screrations obtaine
af both heavy and light rare carths. (Sce next page.) :

The following ~xample indicetes thz degree of soparaticn vhich
is possible., & semple of srbium frem thich edjacent rare esrths had been
romovad by the ion axchenge mothnd vas irresdiated with ncutrens in the
pile. After irradiation, the samplc was subjcctcd to & sccond seperation
on s column. The smount of sctivity scpereted in the poak corresvonding to
thulium is e measure of the inactivo thulium prosent Auring irradiation.

Thus, it was possible to dctermine that the criginal material centained only
0.001% of thulium,
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Such scporations arc possible only undar cnrefully centrollod
conditions. 4s has bacn indiested, the vrosance of high concontreficns of
tulk icns or even noderato concantrstions of ions of hizh change makes

ones Seadg]

-

such saparaticns impossible. Therefor?, in decontseminating solutiens which
contein inactive bulk ions, it wonld te nceasssry cithtr te selectivaly
convert such ions to poorly adsorhed complex ions cr te preferentizliy
saoarate tac active ions by some othor procsss. Such operrtions vill te
discuss2d later by ir. Higgins end ir. Blanco.
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X. PPECIPITATION AND SCAVENGER TECHNIOUES
by

. R. V., Stoughton

These mathods in goneral ara less predictable and lass understood
than certein sdsorption and solvent cxtroction rethods.

A. Caorrier Mechanisms.
1) GColleiZel particles are usurlly carriced by cntrainment.
2) Adsorption (surface er innar).

An cxemple of carrying by surface adsoroticn is the carrying of
Ba** and Zr(IV) by lenthanun fluorido, LaF ;.
d

100%/\
» .
tracaor
carriod \\\\\~‘______§-_

concontration of edded inzctive Batt cr Zr(IV) —

Hero the esrrying is Auc to surfecc acdsorpticn an” henece only
that fraction of the Bas+ or Zr(IV) in solution is carried which i1l
approximately ccver the surface of tho precipitatae.

3, "Mixed Crystzl" Carrying.

-t

a) Iscmornhcus czrrring (tr2cer and carrier have same crystalline
form) cxample: carrving ~f Pu(III) by EiPOQ,.

b) True mixed crystal formetien (hero =n actuslly get a2 new sub-
stance, a doutle salt, being formed) examples: ceTTying of Pu(lV) &ty

D -

lanthanum fluoride end bismuth oxelata,

Here carrying is usually goo2 up vo scne atomic rotic, "trocert/
cerrior, of small whole nuavers.

¢) 2cclusion - ~n examplo is tha vell knowvm correcipitaticn of
smrll emounts of K380, with BaS0y.

L. Hclecular fdsorbers (as Charcosl, Silica, Alunine, TiOs, Zcolites).
These scavengars ramove sa2lts frem solution. 4 Aisadvantage for
our work is thet ususlly 2 lerge amount °f materinl is nceded,also in vork
on the Hanford proczss dccontamination factors of only about 2 to 5 were
obtained vith the retsl weste solutinn.

5, !n0Op =~ This substence is imewm tn be a gamerel scavenger ct low
acid concentration #nd hoccmes mera specific as the acidity is raised; the

——
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mechanism of carrying is not known. At 10 M HNO3 this material is quite
spocific, carrying only Cb(V), Ta(V) and Pa(V).

B, ifathematical Forrmulas vhich hold for scme types of carrying.

The first two hold for certain cascs of cerrying by crystelline
orecipitates snd the third is morc general.

1, 3Borthelot-Hernst cquation (holds fer some cases of rapid precipitaticn;
2guilibrium net sttaincd continucusly as precipitation oceurs):

X = p )
A -x —t
b -y
or X - D?—X
4 b~y
vhere: x is the amount of trezeer in the precipitate.
Y is the amount of csrrior in the precipitate.
a is tho amount of tracer criginally in solutien.
b is tho amount of carrier originelly in solution.
za ~ x) is the amount of tracer in the sclution after precipitation.
(b - y) is thc azmount of carrier in the solutien aftor proeinitetion,
D is a constant.

2. If wo have a very slow precipitation, then this occurs as a
differontial process. (Equilibrium sttained continuously between surfeece leyer
of precipitete and solution). In that casc wa get the so-called Deerncr-Hoskins

oquztion:
log{-2_) = X log (-‘CL\
g < -)§> b"Y/ ’

where A is a constant simply rcleted to D.

3. Another cquation which is ~lmost univirsally valid 2nd is attributed
to C. D. Coryell: :

= 1 - g-k(b-solubtility of carricr)

C b

wheroe k is an cxperimentally determined constant, -~n? the
othor symbols have tho above meaning.

This cquation is dorived cn the assumption that the rate of “ore-
cipiteticn® of tracer is proporticnal tc its own concentration times the
rate of precinitation of carrier.
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\ soluvility ef carrier

. Soma General Strtonents.

A fow gonoralizntions can he nade concerning this methkodé of con-
Aucting chemicel scparrtions ond thesc may to used to some cxtent es work-
‘re hypctheses, providing onc alvays beers in mind thrt eny conclusicns
-ust be checked experimentally before thoy aro taken scriously.

In general, hydroxido precipitates vill carry ~ny tracer under
conditions where the tracor clement would itsclf precipitete if it vere
prosent in macroscopic anount.

Todata precipitates socm to carry any traco olements which fornm
"insoluble" icdates in macroscopic amounts. Differences in valences betveen
carrior and trecer scem to be of little importance in this casc.

In general, amorphous precipitates make beticr seavengers »nd
arc loss specific in their carrying then crystalline precipitates.

It can be said thet if the trecer clemoat and the carrier form
isomorphous solids end the trecor weuld precipit~te if it were presont in
macroscopic amounts, then the trecer will dofinitaly %e carried. In this
casc if the trzcec clement forms ¢ less soluble compound vith the orccipi-
tating agent then dees tha carrier element, then a groater percent of the
tracor than of the carrier will ke found in the rrecipitetes if the tracc
nlcrmient forms e more soluble ccmpound, then tha roverse is true.

Ono objection to this mothoed for general usc in cornection vith
fission product waste solutions is thnt in order to remove meost of tkeso
substances, a nurbar of diffcrent cerricr precipitates must be usec, pro-
viding it is desirable to lcave the solution acidic. If the solution con
we made basic snd a hydroxido procipitate usod, most of tne long-1lives
fission products will be carried from solution; hovever, cven under these
conditicns cesium should not te carried.

H A
F 2 A

IR
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XI. SUMMRY OF TECHNICAL DIVISION OF LIOUID WASTE DISPCSAL PROBIE!S

by
r. L. Steahly

Two gonersl types of lizuid process waste at Onk Ridge Prticnal
Laboratory rre: (1) ietel vaste, and (2) Chemical waste. -

Motal waste is waste which contzins ursniun obtained orimarily from
pil> slug dissolution. Tkis wast: is being stored in underground tanks and is
not of ceoncern for us here.

Cheonicnl wasto snlutions arc derived from various wrocass operaticns
as tha solvant oxirszction pilot rlent, the Rala prccess, the isotopes pro-
ccssing, 2nd the vericus chemistry rescarch projccts. Due to its high A1
concentraticn, the selvent 2xtreciion waste is stored secnarstely.

These wastos contain chenical salts and considerable fission
activity; thercfore, disposal presents a problen of considera®lc dinension.

~

T70 linas of attack have bean folloved by the Technical Division:
(1) Zvaporation.

Tho volume roduction ottainad by cvevoration is limitod by the
amount of salt in solution. Chenical wastes, oxclusive of the solvent ox-
traction wastc, do not contain rmch salt of any kind. Therzforo, these
wastes may bz coneontrated vith somc success. The maxirum concentration
factor is ca. 40, A frctor of 20 hass been sclzacted for the current
cvaporation design, The “egontarination factor obtaincd ty cvaporaticn
is estimated to be 103 - 10%,

(2) Chemical Trustoent.

The best chemical treatment develooed e+ X-10 to date utilizes
the following two technigues:

(a) Scavenging with Fepy03°nH,0 and MaOy*nk,0.
(b) Ion Exchanga.

The chemical waste hss boen decentaminatod by a factor of ce. 500
with a volume roduction of 1000:1.

Of particular intercst is the high flux pile weste preblem. The
uranium in the oile fucl essemblies is rocovered in a solvent extraction
process. The rzffinste from the cxtraction ceclumns is a 1.3H A1(N02)
solution rlus fission activity. The general purpose of the chomica treatrent
is to separate the tulk Al from the fission products. Three advantages for
such g process arec:

(a) Re-usa of the oluminum.

(b) Cheapor storago of the fission activity.

(¢) A promeneont mothod for disposing of the bulk (eluminum)
of the weste.
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Using the chemical treatment nentioned above, the X-10 25" pilot plant
=aste hss beoon docontaminated by o factor ca. 1000 with an ~ttondant reducticn
b n factor of 50-100 in the volume nceded for "hot" liguid storage.

XII. ION EXCHANGE DEVELOP!ENT IN THD TTCENICAL DIVISION
by
R. E. Blanco and I. R. Higgins

4. "25" Aluminum Westc Treatmont. - R. E. Blsnco

The "25" ~luminum wastc 2s ra2ccived from the pilot plant consists
of a solution 1,31 Al(NO3)3 containing all ‘he fission procducts. It wes
originally plannad to cvaporate this sclution tc a slurry (maximum velume
reduction of 3:1) for storspe in stainless stecel tanks. The cost of such
a tank farm is ostimatod tc ba ca. $2,200,000 for a 10 year operaticn of tho
hich flux pila. A& process has been develoved tc scparate the aluminun from
the fission products, resulting in a reduction in the volume nceded for "hot!
liquid storage Ly e factor of 50-100. If tho Al can Eo docontaminated to an
accoptable lovel it cen be discherged into a strean. If not, it could be
stored cheaply. In either cvent, the Al could be recyeled in the solvent
oxtraction processes. The steps in the Al docontaminztion orocess are
as fcllows:

(1) Scavenzing. Dilute the waste solution tc G.5H Al, bring to
a boil, #nd add 0.01% Fc ss Fe(H03)3+12 Hp0 crystals to preeipitate collnidal
Fep03+nEp0 2nd 0.006% il as Mn(il03)2 end 0.004% ¥n as KMnQy to precipitete
'n0,°nHy0. The Fop0g°nlipd carrizs up to 99% of the Ru vhile the ¥n0p°nH20
carrios somc Zr ond almost quentitative amounts of Cb. The IOy also offectively
carrics the colleidal Fe so that after centrifugeticn or filtrastion a clzor
solution is obtained. The precipitate is dried ond stored. The usc of this
scavenging technique results in docontaminetion factors of 1.5 for beta and
7«13 for gamma.

(2) The filtrate or centrifugzte is diluted te 0.1H Al erd Q.25
HxC204°2 HpO and passod through an jon cxchango column containing Dowex
n50M rosin. After weshing with 3 column volumes of 0425 HaCp04°2HpC, tno Al is
cluted with 5» EoC204°2H20, The clutrate is acidified vith coxcess HNOB and
beiled Aown to AL(M03)3 for recycls or to dryness for storego or pcrnanont
disposal %y dumming. The overall docontaninsticn factor for the two steps
is 103; %l rocovary is 98-99%. The resin is reactivated with 6N HNO3. (Sce
Page 31.
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2. Chemical Waste - I. R, Higgins

Considerable research has been conducted, using ion exchanga techniques,
Tor removing fission activity from hot waste soluticns et X-10, Dovex 52 resin
23s been found to be superior to other resins tried due to its high cavacity anc
stability. We have found Dowex 50 to be stable in 6N KNO- so thet this reagent
may be used to reactivate the resin rather than 6N HC1l tin nis evoiding the cerresive
action of the latter. Scouting runs in both evaporation rznd ion exchenge indicate
that grester concentration snd decontamination are nossible by treating thas waste
before neutralization rather than afterwards. 4n icn exchange end prncioitnfion
orocedurc gave docontamination of about 20 for the ncutralized waste comrered to
200-1C00 far the acid waste. By evaporation cof the neutralized weste a volume
reduction factor of about 10 is possible. ZEvencration of tha acid waste mekes
possible the fuming cf the volatils acids leesving only sulfuric acid %o be
noutralized and stored. EZvaporation and ion exchange may 02 used in conjunction
with cack other sccording to two schemes, 4 snd B.

A. 1. ZEvepcraticn and fuming of thz =2cid tastc ic concentrated
HZSOA'D"' = 10°.

2. Ion Exchenge and F2(OH)3 precinitation of the condensate.
D.F. = 10 - 103,

The total D.F. is 10° - lO6 »nd the total volume reduction is determined
largely by the smount of SO, prescnt. The questicnable factor is the materizl
of cornstruction of en cvavorstor thet will resist the action of boiling HNO3,
2804, KC1l, and possibly HF.

B. 1. Ion exchange and Fo{CH)3 procipitation of the 2cid vaste.
D.F. = 102 - 103.

2. BEvsperaticn ~f the HIO3 regencrztion acid.

The total D.F. is 192 4o 103, yet s greatcr volusme raduction is-possible
teeause the only acid to be cvaporatad is h“03. v =porator corrosion is eliminated
sincc only HNO3 is prescnt. A docision between schemc A or B will bg determined
by (1) a satisfactory corrosion raosistant matorial in the caso of "A", or
(2) 102 to 103 being sufficicnt decontaminaticn in the case of "BM,

The chemical waste soluticns wore analysced as f£sllovws:

Ton Tank W-6 Tank Ti-12
. mg/nl mer/ml
U 0.05 - 0.2 0.,0006 - 6.2
Na 2,7 - 1n.3 c.08 -5.0
Ca <5.01 - 1,65 <£0.001 - 0.02
Al 0,02 - 0,19 ¢.003 -12.02
Fe 9,005 - 2.01 2.001 - 0.01
Cl 2.1 - 0.02 0.4 - 0.5
F 0.04 0.002 - 0,003
33
5
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Schematic Diagram of Yon Exchange Proccess
for Decontamination of Al Wastes

Filtration from Scavenging Step

"25" Feed Wash Elutriant

- o el e

{ 2 b |
~

| T~ 1 -
|

! Sr '
Dowex "50% Resin ! Cs

| 0.1¥ AL i ! s %"““"}

T.R.E

; 100 - 200 mesh
} II Combine I, II and III
K- and boil down for
- 4 ////(/ Wash "hot" liquid storage.
: ,
- Ru

Zr én

; Cb .EnO,

K Resin Reactivaticn
3 B and Y D.F. Ca. 1000
- 98 - 99 % AL
'i Product

ass L Ay

g T ey ep—



Foze

CRIL-167

-ade s A tab

XITI. DEVELOPMENT CF AN EVAPCRATION SYSTEM FOR OAK FIDGE

MATTONAL LABCRATORY LIQUID WASTE DISPGBAL

by
C. E. Winters

The Engineering Development Secticn of the Technical Division kas not
been invelved very lorg in the waste dispesal oroblem, So far vwe have been
involved only in the plenning snd investigztion aspecis, and no laboratory
work has heen done. (Note figure oresented with . Witkowski's portion of
this report.) 'e believe that in the tank farm cnerations 95 vercent to 99
percent of the activity in Winite Oak Creek originates from tanks W-5 and W-6.
Tanks W-5 and -6, therefore, will bs first point of attack. Some waste
solutions sent to these *anks are quite acid. ¥astes from the D-Building runs
have an excess of -alkali; however, the long term aversge is alkalin. #-l and
M-2 waste, which has very low activity most of ths time; is usually desanted to
Settling Basin. 'ihen the activity is high it goes to ®-5. 4ll of ths activity

" and volums of W-12 go to V-5 and ¥-6. The present hold un time in W-5 2nd H-6

is of the order of onz or two months, after wkich the solution is decsnted
to the Settling Basin.

During & 21-week test poriod the minimum weekly flow into W-5 snd V-6
was sround 3600 gallons; maximum weekly flow was around 57,500 gallons; average
was 32,600 gallong (¥ 7,000). Approximately 50,000 gallons ver week is
considered as necessary capacity of dosign oquipment.

Two prineipsl objectives at presont are:

1) Immcdiate short torm solutien to Droblem.
2) Long term solution to the chemical waste vroblem.

© a1 AT, ALl PR AD S Y .

1) Immediaste Short Term Soluticn to Erotlem.

5 Evaporation is only mecans st our Zisposal at n=resent ~hich has a roason-
able chancs of succoss without an oxtensive dorelopment rrogran.

P

It is planned for the evaporator to handls =1l Mconcentrated" chomical

¥ wast2 snd to provide dato on scaling, cntrainment, fer the éaszign of any future
v 2ntrainmont separators,
In this ovanorator e hops to attain a 20:1 voliume reduction rztio--and
3 a 103 to 10% docontamination factor for the condensate.
i The concontrate is to be cither stored for decay or, as we are now
- plenning, dryed, orobably with a spray dryer. If stored in -6 the storage
1

snace vwould last -
1.4 ycets et maximun outvut of cvaporator
2.1 years at oxpected output of evaporator

LR & RN

— T g MR BC " i v A e ety Pt A e g et il s T - Rl g by LT AR AL APy L& St T A Yl 1ar 7 el



e = Ve s

s | Page 35

CRNL-163

2) Longer Rangc Flans.

a) Investigate ontrainment separators to raise decontarination factoer.

b) Investigate submerged combustion type of gvavoration wherz thers is
no scals formation and thus mointain eas2 of decontaminetion,

c¢) Investigote dryers. HNe deteliod considaration has bo2n givon %o
drycrs at proscnt.

d) Investigate crystellizetion as means of separation of inactive szlts
from active salts.

IV, DSSIGH OF Al CVAPORATION SYSTD! F(R OAK RIDGE

——————

NATIONAL LABOEATORY LIQUID WASTE DISPCSAL

by
F. L. Culler, Jr.

A Trocent survey on the smount of radioactive materials being discharged
to and adsorbed in White Osk Croek indicate thet the crcck mud is rapidly
approaching its saturation point, and thet considerable activity is bein
discharged to the Clinch River. ~In order tc zlleviate this situation, several
proposals have been mada for processing all plent non-alpha emitting radio-
active wastes prior to dischsrge to the ereck. The processes studics include
cvaporation, fon ezchange, ~nd soivont extrection.

Eveporetion #as chesen as an irmediately availeble method of reducing
+tho amount of rsdioactive wsste tc be discarded. Flans srn now being formulated
to instsll simple evaporation cguipment which will permit a 20:1 concentration
of radioactive wastes for storage and vhich will provide 2 dacontamination
factor of anproximately 103 in tha condenssto which is discherged into White Oak
Creek. It is recognized that this approach is only a tenporary solution to the
waste problem. By the time that storage facilitics arc again roanching tho point
of cxhaustion, additional mothods for Drocessing hot, non-metal-boaring wastos
7ill have been dcveloped. ’

Thke Onk Ridge Hational Laboratory is now producing an average of 30,002
gallone of active liquid wastc por waek with a peak load of 43,000 gallons per
waok (99.9 percont assurance). Fresent plans call for the ercction of en
ovaporator system vith sufficicnt capacity to evaporate & maximun of 30C g~lions
of water an hour or 50,000 gallons a week if run continuously. It is felt thet
tho 65 percent excess capacity is warrantad for several roasons; first, to
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"23t ah2ad" of the cxisting liquid waste now storcd as wall as to k23p up with
prescnt nroduction; sccond, to permit a cortain amount of down time while tho
Jvaperator i1z being operatod on an experimsntal basis; and last, *o harz
unforseon surges in waste production or additionzl sourcas of liguid iastes.
Tha location of the cvaporator with raspect to tank farm tanks is shosm sche-
mntically on Fage I7. :

In so far as possible, cxisting equipment now in the Osk Pidge ares
vill be used for the cvaporator and its auxiliarics. Three tanks from tha Osk
fidge Hetional Laboratory burizl ground and seversl condeasers from the Aidway
iiarchouse Yo. 8 arec to be used. Items which will be fabricated or surchascd
includz a cyclone saparator and a vecuum jet 2nd condonser. The tanks on hend
arc 21l Type fo. 309 S Cb stainless steel; the condenscrs are Typne 347 stainloss
steel,

The three tanks will b used as cvaporator fced tank, pot evavcrator,
and condensata cetch tank, rospactively., The feed tank has a capacity of
2150 gallons sand will b2 run at stmospheric pressure. The oveporator and catch
tank cach have 2350 gallon capacity, and will be run under 24 inches Hg vacuum.
The cyclone scparator for reduction of cntrainmont will be fabricated, ond will
t2 15 inches in diamoter by 5'6" tall. Eight condensors will be wused in raralicl,
with two morc us2d as after coolers for cach bank four condensers.  The vacuum
jot to bec purchased vill have sufficicent capacity to hold the evaperator system
undor a 24 inch vacuum during operation.
Page B shows a schematic flowsheet for the evaporator system.

The vacuum facilities were added for evaporation because it was
found that entrainment and the tendency toward scaling are both reduced when
evaporation is conducted under vacuum.

Calculations on ths cyclons separator indicate that under vacuum
all particles larger than 140 microns in diameter will be removed. The
rrassure drop across ths cyclone at 24" vacuum vill be 5 inches of water.
At the design inlet vapor velocity of 150' per second, & centrifugal force
of 600 g will be vroduced in the entrainment separator.

I —— — ~ - T YWl £ T ais it 3 Al ot T it e 22 S AT ke
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XV. THE WASTE DISPOSAL FROGRAM UNDERTAKEN BY THE HEALTH PHYSICS DIVISION

By Forrest Western
In trying to present our weste disposal studies to you, I 2m sure that I
will meke statements thzat are repetitions of things that you have. already been
told. I do so more or less consciously because I would like to maks T21irily clear
~r underlying philosophy in conducting these studiss. -

I am told that e~rly plans for Oak Ridge Naticnel Laboratory called fcor
operation for only & brief period of time and for the retantion in storage of
substantially 211 of the liquid radiocactive wastes. 3Zarly changss in chemical
processes raquired quantities of process liquids which could not be storzd re-
sulting in the ~doption of an operating policy which provided for the dumping of

quantities of radioactive wastes into the drzinage system of the Clinch River at
"safe" rates.

The maximun rates that were considered safz werc arrived at by censultation
between Dr. Simcn Cantril, formerly medical a2dvisor for this laboratory, Dr. J.G.
Hamilton of the University of Californis Radiztion Leborctory and Dr. R 5. Stone,
et that time in charge of the radiocactive wastes of the project As 2 result of
this policy, = number of devices have been used to keep the averags rz2=e ol
"dumping" well below the estzblished maximum value.

With the development under the AEC of continued intersst in operztion at this
site and with relief from wartime urgencies and more widssrreac kmowlaedge of the
nature of our crerations there resulted increzsed tcndencies to question thc wisdom

of continued dumping of significant quantities of radioactive wastes into the
river.

In addition to a reluctance to raise the natural radiocective background by
the eccurmlation of long life isotopes. our uncertainties involve such questions
as possible physical aznd biological concentrations and effects of even existing
levels on plant and animal 1ife and indirectly upon man

Unfortunately, 2s in mony other cases, involving hazards from radicactive
materials, we hava no adequ~t2 information upon which ts base a good evaluation
o? the hazards involved. “he Health Physics Division of this lzboratory has long
been convinced of the desir:bility of an extensive, systematic study of th2 tehaviou
of radioactive materizls relemsed into the drainage system which when combined with
the results of needed biochemical research, would provide us with a rmuch better basis
for such evaluation. Not too long ago we considered that such 2 program nmight be
necessary to determine the extent to which our prasent waste disposal grnctices
cshould be improved.

More recently, plans to expand overations in the atomic energy ficld, to-
gether with expressions by the AEC of a cautious attitude with respect to radic-
2ctive waste disposal, have led tc rather widespread feeling that new ccnstruction
hers 2nd elsewhers should include provisicns for the rather complete removal of
such wastes. Acceptance of this view by technical groups plenning new installatisne
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has pertly relieved the urgency for & progran of study in our cwn dreainnge sysIen
as far as local needs 2re concerned. However, we feel that at least two ndditiconoo
considerations make such = program very important to the AEC cnd to the country

as » whole. These additional considerations are:

(1) The fzct that most AEC installations are plenned for regions of dense
population and frequently involve higher ievels of activity.

(2) In the svent of war involving the military use of radiozctive mnterials,
w2 may be confronted with problems arising fror the dumping of largs
quentities of radioactive materials in heavily pooulated districts.

This'is =n ideal tlace to carry on such a program since through our current
practices of weste disposzl, we have during the past four years esteblished in
White Oak Creek, the Clinch River and possibly, the Tennessee River, rzdioactive
conditicns which mey aid us in ohtaining answers to many of our quastions.

Tt is with these ccnsiderstions in mind thet. in cooperation with the Office
of the Medical Advisor for ORDO, we have brought together a technicel group from
related fields ior 2 concerted =2ttack on the problem.

This group consists of the following personnel:

Roy J. Morton, Senitery Engineer, Vanderbilt University, leeder of the
waste disposal group.

L. Setter, Tennessee Valley Authority, Strean Sanitation Engineer.

0. R. Placek, and C. P. Straub assigned to us by the U. S. Public Heelth
Service.

Paris Stockdale, Consultant tc AEC, Professor of Geology, University of
Tennessee.

J. 2. Holland of the i. S. Weather Burezu - Consultant to AEC.
In trying tc outline zne program for the Cantral Coordinating Committes and
some of the things that they plen to undertoke I will firse mention some of the

things Prof. Stcckdele intends to do in the field cf geology-

1. A determination of the genersl geological characteristics of the
area, througn coredrilling, sampling, etc.

2. A study of subterranean water flow within a radius of 4O to SC.miles.

3. Determinaticn of 2 safe location for a radiozctive burial ground in the
Qzak Ridge Arca
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The meteorology program with J. Z. Holland is not yet formulated.

The following outline is currently used as the basis for planning
waste disposal studies in the Division of Health Physics, ORNL. It is
expected that the Health Physics group will be primarily concerned with
items listed in Column A,, although it is planned to taxe adventage of
opportunities to apply knowledge so obtained to items listed ir Column
B, so far as manpower and facilities permit. In Column B, it is antici-
pated that Item I will be done largely by technical design greups, and
that Item VI may receive the attention of medical and biochemical greups

elsewnere.
¥aste Disposal Problem
A. Fundamental Fesearch to obtain B. Development of Methods of
detailed knowledge of behaviour Preventing radicactive materials
of radiocactive materials in from producing dzmage to a)
1) air, 2) water, 2) soil, L) Man, b) Animal or Flant Life.

plants, 5) animals, 6) man.

I. Meteorological (J. Z. Holland, etc.) I. Methods of control at source.
At ORNL it is anticipated that

II. Ceological (P. Stockdale, etc.; the technical proolems involved
will be attacked principally by
III. Gross behavior of radiocactive the Technical Division.
materials in a) drainage systems,
b) soil, c¢) plant life under con- The following problems are of
ditions of discharge from ORNL current importance principally because
and similar plants. of military pecssibilities.
This includes a study of water II, Methods of removal from water
filtration plants anc sanitary supply.

sewage dispcsal nliart:.
III. Yethods cf removal from air oy

IV. .Specific behavicurs peculiar to use of masks, filters, etc.
irdividual elements:
a) Certain p-y's, Pu, Po, U, etc. IV. wethods of decontamination of
a) persons, b) clothing,
V. Effects of radioactive materials c) ecuipment &nd buildings.

on fish and animel life,
V. Methods of detection and survey
under conditicns of warfare.

VI. Methods of purging irom iatericr
of body-
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‘ IMMEDIATE PROGRAM FOR ORNL GROUP

1) Critical review of present routine waste monitering operations to
select or mzke availzble data of fundamental interest.

2) Program with TVA - Gome and Wildlife Branch
Strean Sanitation Branch

This fall - preliminery sampling for algae, plankton, sediment, and
water et stations from Ncrris to Watts Bar Dam.

Large sczle study of fish from 3 or 4 embayments of
about 2 zcrcs each. The fish in these embayments ars
to be immobilized and samples taken for study by both
TVA and CRINL.

On the basis of this preliminary study, it is anticipated
that a more complete cooperative vrogron of stream studies
moy te plonned for next year.

3) Water System and Sewage Plants

2) Studies in connection with existing plants here and elsewhere.

b) Cooperation with design engineers for new scwage plant to
incorporete facilities for experimental study-

c) Pilot or large scale laboratory studies.
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WI. FPCPCBAL FCR A CENTRAL BURIAL GROUND FGR OAK IIDGE QPEPATIS

by J. Deal

. The question of burial as a moans of disposing of radioactive vaste
has been investigated recently by the 4tomic EZnergy Commission.

Some of the unknown factors involved in Burial Grounds zre:
1j The Geology of the arca, 2) 4imount of radioactive material retained
tr the soil or the amount of waste msterial leached from the soil, 3) The
biological concentration factors that may exist.

The.committee investigating the status of burisl grounds and rathods
usad in disposing of radioactive scrap mezterial found that scrap is ratained
ir. storzge if it 2as any possible us2 or value evzan though it is cnly slightly
radicective, This is necessary brcause of the cresarnt policy of not sllewing
any material to go into the open narket thet hes a deteetable amount of
radioactivity on it. Zurisl grounds erc now bring usad primarily »s » rm2ans
f disvosing of all radiosctive garbage, roegardliss of the sctivity level,
nd sccondarily, as a masns of discvosing of a small snount of nrterinl that
s active to a degree thet would ereste e health hazerd.

[e]

[ RG]

The committae undertook to determine how much surplus radioactive
matarial is now in Osk Ridge. For the purposc of the survzay, the informntion
wzs broken down into three generzl perts which ware in turn broken down into
fiva sub-divisions. Thoy arz as follovs:

A. Materials that are abovzs th
to industry.

BR. Msterinls that are below the health tolerance, but sbove any linit
that may bz raleasad to industry, cven if tha present allowmable
limits nre rrisod by sivernl orders of magnitude.

C. Matorizls thet ~ro abova tha =llowable hoalth tolerence,

present sllowmsble linits for ralease

¢

T2 fiva sub-divisions =ra

..

Servicsable 2quipmont.
Forrous mctal scrap.
Hon-forrous metal scran.
Combustiblc materiels.
Yjon-combustible mataorials,

WP N
.

Tt wns found that thoro is = total of sbout scven thousand tens of
aantrminetad matorisls now boing stored within the 0=k Ridgo Opcr=tions. It
#ss nlso nointad cut thet the problem of dispossl of screr is chrenic rather
-nen ncuta, but thet some ection vill be necsssary within the naxt yoar or so.

Since thore aro throe plents vhich arc disposing of materisls in Crk
Zidge, it is provosad to give this nroblem to onc crntrel group for study end
~ction. Tt is proposcd thot this grouo have & laborzstory, an incinerator, =
small smelter and permanent storage for thosc items that cennot te roloesad
or dacontrminated,

It is further proposed thnt some research grouo b2 raotained to cenves
‘ndustry to advise the Commission 2s to what levels of radioactivity industry
can tolerzte. The functions and results of this rescarch group v.ould probebly
ka2 coordinated znd put into use by the provoscd Centralized Disposgel Group.




